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INTERNAL COMBUSTION ENGINE HAVING VARIABLE VALVE 
ACTUATION DEVICE AND METHOD OF CALCULATING INTAKE AMOUNT 
IN THE SAME INTERNAL COMBUSTION ENGINE 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 2002-279494 
filed on September 25, 2002, including the specification, drawings and abstract is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 



1 „ Field of th e Invention 

[0002] The invention relates to an internal combustion engine having a 
15 variable valve actuation device and a method for calculating an intake amount in the 
same engine. 

ajtescription of the Related Art 

[0003] Japanese Laid opened Patent Application No. JP-2001-159323 
discloses a valve actuation device that is provided for lifting intake valves and is 

20 capable of varying the amount of opening (the maximum valve lift and the working 
angle) of the intake valves (hereinafter, the device will be referred to as "variable 
valve actuation device"). In such variable valve actuation device-equipped engines, 
the amount of air taken into the combustion chambers (amount of intake air) is 
controlled by controlling the amount of opening of the intake valves. 

25 [0004] For the conWri of the amount of intake air through the control of the 

amount of opening of the intake valves, detection of the amount of intake air via an 
intake amount sensor or the like is performed. However, in some states of operation 
of the engine, the amount of intake air detected by the intake amount sensor does not 
agree with the actual amount of intake air, due to the pulsation of air preceding the 

30 suction into the combustion chambers or a response delay of the intake amount 
sensor. Therefore, in the technology described in the aforementioned patent 
literature, the amount of intake air is determined through a calculation based on the 
closing timing of the intake valves and the engine rotation speed. 
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[0005] Thus, in the case where the amount of intake air is controlled by 
controlling the amount of opening of the intake valves, the amount of intake air 
detected by via an intake amount sensor or the like may deviate from the actual 
amount of intake air, depending on the state of operation of the engine. That is, in 
5 order to accurately detect the amount of intake air in the case where the amount of 
intake air is controlled through the control of the amount of opening of the intake 
valves, it is necessary to detect the amount of intake air by a measure other than the 
detection via such a sensor as an intake amount sensor or the like. Accordingly, it is 
an object of the invention to accurately detect the amount of intake air in an internal 
10 combustion engine equipped with a variable valve actuation device. 

SUMMARY OF THE INVENTION 

[0006] In order to achieve the aforementioned object, a first aspect of the 

15 invention provides an internal combustion engine having a variable valve actuation 
device that is pit)vided for lifting an intake valve and that is capable of varying an 
amount of opening of the intake valve. The variable valve actuation device is 
adapted to: calculate a first estimated value of an amount of intake air from a 
parameter regarding an operation state of the engine at a time of opening the intake 

20 valve; calculate a second estimated value of the amount of intake air from a parameter 
regarding the operation state of the engine at a time of closing the intake valve; and 
calculate an actual amount of intake air based on the first estimated value and the 
second estimated value. The aforementioned amount of opening of the intake valve 
corresponds to the maximum amount of lift of the intake valve or the working angle 

25 of the intake valve, or both in the embodiments described below. 

[0007] A second aspect of the invention provides an internal combustion 
engine having a variable valve actuation device that is provided for lifting an intake 
valve and that is capable of varying an amount of opening of the intake valve. The 
variable valve actuation device is adapted to: calculate a first estimated value of an 

30 amount of intake air from a parameter regarding an operation state of the engine at a 
time of opening the intake valve; calculate a second estimated value of the amount of 
intake air from a parameter regarding the operation state of the engine at a time of 
closing the intake valve; calculate a weighting factor that indicates a weight of the 
estimated values of the amount of intake air on the actual amount of intake air, and 



calculate the actual amount of intake air based on the first estimated value, the second 
estimated value and the weighting factor. 

[0008J According to the second aspect of the invention, it is preferable that 
the variable valve actuation device calculate die weighting factor, taking into account 
5 a process of change of the parameter regarding the operation state of the engine 

during a period from the time of opening the intake valve to the time of closing the 
intake valve. 

[0009) According to the second aspect of the invention, the parameter 
regarding the operation state of the engine may be an amount of change in a working 
10 angle of the intake valve. 

[0010] According to the second aspect of the invention, the parameter 
regarding the operation state of the engine may be an amount of change in a 
maximum lift of the intake valve. 

[00113 According to the second aspect of the invention, the parameter 
15 regarding the operation state of the engine may be an amount of change in closing 
timing of the intake valve. 

[0012] According to the second aspect of the invention, the parameter 
regarding the operation state of the engine may be an amount of change in intake 
pressure. 

20 [0013) A third aspect of the invention provides a method for calculating 

intake amount for an internal combustion engine including an intake valve and a 
variable valve actuation device that is capable of variably controlling lift of the intake 
valve so as to change an amount of opening of the intake valve. This method 
includes the steps of: calculating a first estimated value of an amount of intake air 

25 from a parameter regarding an operation state of the engine at a time of opening the 
intake valve; calculating a second estimated value of the amount of intake air from a 
parameter regarding the operation state of the engine at a time of closing the intake 
valve; and calculating an actual amount of intake air based on the first estimated value 
and the second estimated value. 

30 [0014] A fourth aspect of the invention provides a method for calculating 

intake amount for an internal combustion engine including an intake valve and a 
variable valve actuation device that is capable of variably controlling lift of the intake 
valve so as to change an amount of opening of the intake valve. The method 
includes the steps of: calculating a first estimated value of an amount of intake air 
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from a parameter regarding an operation state of the engine at a time of opening the 
intake valve; calculating a second estimated value of the amount of intake air from a 
parameter regarding the operation state of the engine at a time of closing the intake 
valve; calculating a weighting factor that indicates a weight of the estimated values of 
the amount of intake air on the actual amount of intake air; and calculating the actual 
amount of intake air based on the first estimated value, the second estimated value 
and the weighting factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] The foregoing and/or further objects, features and advantages of the 
invention will become more apparent from the following description of preferred 
embodiments with reference to the accompanying drawings, in which like numerals 
are used to represent like elements and wherein: 
15 FIG. 1 is a diagram illustrating an internal combustion engine equipped with a 

variable valve actuation device according to an embodiment of the invention; 

FIG. 2 is a diagram showing lift curves of an intake valve that are achievable 
by the variable valve actuation device of the embodiment; 

FIG. 3 is a diagram indicating transitions of the intake pressure and other 
20 quantities occurring when the intake valve is lifted in accordance with the smallest lift 
curve; 

FIG. 4 is a diagram indicating transitions of the intake pressure and other 
quantities occurring when the intake valve is lifted in accordance with the largest lift 
curve; 

25 FIG. 5 is a diagram indicating transitions of the intake pressure and other 

quantities occurring when the lift curve of the intake valve is changed from the largest 
lift curve to the smallest lift curve; 

FIG- 6 is a diagram indicating transitions of the intake pressure and other 
quantities occurring when the lift curve of the intake valve is changed from the 
30 smallest lift curve to the largest lift curve; 

FIG. 7 A is a diagram indicating a relationship for the purpose of calculating a 
weighting factor with respect to the amount of change in the working angle during an 
intake stroke, and FIG. 7B is a diagram indicating a relationship for the purpose of 
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calculating a weighting factor with respect to the amount of change in the maximum 
lift of the intake valve during an intake stroke; 

FIG. 8 A is a diagram indicating a relationship for the purpose of calculating a 
weighting factor with respect to the amount of change in the closing tuning of the 
5 intake valve during an intake stroke, and FIG. 8B is a diagram indicating a 

relationship for the puipose of calculating a weighting factor with respect to the 
amount of change in the intake pressure during an intake stroke; and 

FIG. 9 is a flowchart illustrating a routine of calculating the amount of intake 
air in accordance with the embodiment of the invention. 

0 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0016] A preferred embodiment of the invention will be described in detail 
hereinafter with reference to the accompanying drawings, FIG. 1 illustrates an 

5 internal combustion engine equipped with a variable valve actuation device in 

accordance with an embodiment of the invention. In this embodiment, the internal 
combustion engine is a spark ignition type engine. However, the internal 
combustion engine may also be a compression ignition type diesel engine. 

[0017] FIG. 1 shows a cylinder block 1, a cylinder head 2, a piston 3, a 

0 combustion chamber 4, a fuel injection valve 5, an intake valve 6, an intake port 7, an 
intake pipe 8, an exhaust valve 9, an exhaust port 10, an exhaust pipe 1 l t and an air 
cleaner 12. The intake pipe 8 is provided with a surge tank 13. The intake pipe 8 
also has a throttle valve 14 for constricting the flow passage of die intake pipe 8. 
Normally, the throttle valve 14 is kept fully open. A stepping motor 15 is connected 

5 to the throttle valve 14 so that the throttle valve 14 is driven by the stepping motor 15. 

[00181 A valve actuation device 16 is connected to the intake valve 6 so as 
to lift the valve. The valve actuation device 16 is a variable valve actuation device 
that is capable of varying the amount of opening of die intake valve 6 (i.e., the 
maximum amount of lift of the intake valve 6 and the working angle corresponding to 

0 the open valve duration of the intake valve 6) as indicated in FIG. 2. In FIG. 2, the 
vertical axis indicates the valve lift L, and the horizontal axis indicates the crank angle 
C A. A curve SC is a lift curve of the intake valve 6 where the maximum valve lift is 
the smallest (hereinafter, referred to as "smallest lift curve")* A curve LC is a lift 
curve of the intake valve 6 where the maximum valve lift is the largest (hereinafter, 
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referred to as "largest lift curve")- Hie variable valve actuation device 16 is capable 
of continuously changing the valve lift curve between the smallest lift curve SC and 
the largest lift curve LC. If the lift curve is changed in the variable valve actuation 
device 16, the valve opening timing and the valve closing timing of the intake valve 6 
change accordingly. 

[0019] FIG. 3 indicates transitions of the pressure Pi in the intake pipe 8 
(intake pressure), the pressure Pc in the combustion chamber 4 (in-cylinder pressure), 
and the amount Ga of air taken into the combustion chamber 4 (intake amount) which 
occur when the intake valve 6 is lifted in accordance with the smallest lift curve SC. 
In FIG. 3, the hori20ntal axis indicates the crank angle CA. In the example shown in 
FIG. 3, the intake valve 6 is opened at a timing immediately following the exhaust top 
dead center TDC, and then the valve lift gradually increases. During this process, 
the intake pressure Pi substantially stays at a fixed value (e.g., a value near the 
atmospheric pressure), and the in-cylinder pressure Pc gradually decreases. Hie 
intake amount Ga gradually increases during the process. In the example indicated 
in FIG. 3, the intake valve 6 is closed at a timing well before the intake bottom dead 
center BDC. 

(0020) FIG, 4 indicates transitions of the intake pressure Pi, the in-cylinder 
pressure Pc, and the intake amount Ga which occur when the intake valve 6 is lifted in 
accordance with the largest lift curve LC. In FIG. 4, the horizontal axis indicates the 
crank angle CA. In the example shown in FIG. 4, the intake valve 6 is opened at a 
timing immediately prior to the exhaust top dead center TDC, and then the valve lift 
gradually increases. During this process, the intake pressure Pi substantially stays at 
a fixed value (e.g., a value near the atmospheric pressure), and the in-cylinder 
pressure Pc substantially stays at a fixed value (e.g., a value near the atmospheric 
pressure) as well. The intake amount Ga gradually increases during the process, and 
reaches a value above the intake amount Ga that is finally reached in the example of 
FIG. 3. In the example indicated in FIG. 4, the intake valve 6 is closed at a timing 
near the intake bottom dead center BDC. 

[0021] As is apparent from comparison between the example of FIG. 3 and 
the example of FIG. 4, different lift curves used to lift the intake valve 6 result in 
different amounts of intake air Ga. 

[0022] The variable valve actuation device 16 controls the lift curve of the 
intake valve 6 in accordance with the engine rotation speed and the requested torque. 
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Specifically, as the engine rotation speed increases, the variable valve actuation 
device 16 shifts the lift curve of the intake valve 6 toward the largest lift curve, and 
therefore increases the amount of opening of the intake valve 6 to increase the amount 
of intake air. For greater requested torques, the device 16 shifts die lift curve of the 
5 intake valve 6 toward the largest lift curve, and therefore increases the amount of 

opening of the intake valve 6 to increase the amount of intake air. In the invention, 
the amount of fuel injected from the fuel injection valve 5 (amount of fuel injection) 
is controlled in accordance with the amount of intake air so that the air-fuel ratio of 
mixture in the combustion chamber 4 reaches a desired air-fuel ratio. 

10 [0023] In this embodiment, the amount of fuel injection is controlled in 

accordance with the amount of intake air as stated above. Therefore, in order to 
reliably adjust the air-fuel ratio of mixture in the combustion chamber 4 to a desired 
air-fuel ratio, it is necessary to accurately grasp the amount of intake air. It is 
conceivable to employ a method in which the amount of intake air is determined 

15 through a calculation based on the amount of lift of the intake valve 6 and other 
parameters related to engine operation. However, mis method cannot always 
provide accurate determination of the actual amount of intake air, for example, in the 
case where the valve lift curve is changed as indicated in FIG. 5 or 6. 

[0024] FIG. 5 indicates an example case where during the intake stroke, the 

20 requested torque is reduced, and the lift curve of the intake valve 6 is changed from 
the largest lift curve to the smallest lift curve. In this example, the lift curve of the 
intake valve 6 is set at the largest lift curve at the time of opening the intake valve 6; 
therefore, during an initial stage of the valve lift, the intake valve 6 is lifted in 
accordance with the largest lift curve LC. Then, at an intermediate point in the 

25 intake stroke, the requested torque becomes small so that the lift curve of the intake 
valve 6 is changed from the largest lift curve LC to the smallest lift curve SC. That 
is, the lift curve of the intake valve 6 is gradually changed toward the smallest lift 
curve SC, and during an end stage, the lifting of the intake valve 6 is performed in 
accordance with the smallest lift curve SC. Therefore, in this example, the intake 

30 valve 6 is lifted in accordance with a lift curve indicated by a solid line in FIG. 5. 

[0025] FIG. 6 indicates an example case where during the intake stroke, the 
requested torque is increased, and the lift curve of the intake valve 6 is changed from 
the smallest lift curve to the largest lift curve. In this example, the lift curve of the 
intake valve 6 is set at the smallest lift curve at the time of opening the intake valve 6; 
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therefor*, during an initial stage of the valve lift, the intake valve 6 is lifted in 
accordance with the smallest lift curve SC. Then, at an intermediate point in the 
intake stroke, the requested torque becomes large so that the lift curve of the intake 
valve 6 is changed from the smallest lift curve SC to the largest lift curve LC. That 
5 is, the lift curve of the intake valve 6 is gradually changed toward the largest lift curve 
LC, and during an end stage, the lifting of the intake valve 6 is performed in 
accordance with the largest lift curve LC. Therefore, in this example, the intake 
valve 6 is lifted in accordance with a lift curve indicated by a solid line in FIG. 6. 
[0026] rf the lift curve (the amount of opening) of the intake valve 6 

10 changes as indicated in FIGS. 5 and 6, calculation of the intake amount from the lift 
curve set at the time of opening the intake valve 6 does not provide a true intake 
amount. A true amount of intake air can be calculated by employing a method in 
which a precise lift curve (amount of opening) of the intake valve 6 is determined, and 
then is used for the calculation. However, this method is very complicated. 

15 [0027] In this embodiment, therefore, when the intake valve 6 is opened, the 

amount of intake air expected to enter the combustion chamber 4 during the present 
intake stroke is calculated as a first estimated value on the basis of at least one of 
parameters related to the present state of operation of the engine (hereinafter, referred 
to as "engine operation parameters"), that is, the present set amount of opening of the 

20 intake valve 6 (i.e., the maximum lift of the intake valve 6, or the working angle of 
the intake valve 6, or both), the opening timing of the intake valve 6, the present 
intake pressure, and the present engine rotation speed. 

[0028] Then, when the intake valve 6 is closed, the amount of intake air 
considered to have entered the combustion chamber 4 during the present intake stroke 

25 is calculated as a second estimated value on the basis of at least one of the present 
engine operation parameters, that is, the present set amount of opening of the intake 
valve 6 (i.e., the maximum lift of the intake valve 6, or the working angle of the 
intake valve 6, or both), me closing timing of the intake valve 6. the present intake 
pressure, and the present operation state of the engine. 

30 [0029] Then, a weighting factor indicating the degree of effect (weight) of 

the two estimated values on the actual amount of intake air is calculated on the basis 
of the difference between the engine operation parameter at the time of opening of the 
intake valve 6 and the engine operation parameter at the time of closing the intake 
valve 6, that is, the amount of change in the engine operation parameter, through the 



use of relationships indicated in FIGS. 7 and 8. On the basis of the weighting factor, 
the first estimated value and the second estimated value, the actual amount of intake 
air is calculated as in the equation: Ga - Gao + (Gac - Gao) x K where Ga is the 
actual amount of intake air, and Gao is the first estimated value, and Gac is the second 
estimated value, and K is the weighting factor. According to the invention, the 
weighting factor K is calculated, taking into account the process of change of the 
engine operation parameter during the period from the time of opening the intake 
valve 6 to the time of closing the intake valve 6. In this embodiment, the weighting 
factor K is a mean value of four weighting factors Kl to K4 determined from FIGS. 7 
and 8. 

f0030) Therefore, according to this embodiment, the actual amount of intake 
air can be accurately grasped even if the lift curve of the intake valve 6 is changed 
during the intake stroke. 

[0031] FIG. 7A indicates a relationship between the amount of change AA 
in the working angle of the intake valve 6 and the weighting factor Kl . As indicated 
in FIG. 7A, the weighting factor Kl is zero if the amount of change AA in the 
working angle is zero, that is, if the working angle does not change at all. In this 
case, the amount of intake air Ga is equal to the first estimated value Gao determined 
from the engine operation parameter at the time of opening of the intake valve 6, as 
can be understood from the aforementioned equation. If the amount of change AA in 
the working angle increases, the weighting factor Kl increases. In this case, the 
amount of intake air Ga approaches the second estimated value Gac determined from 
the engine operation parameter occurring at the time of closing the intake valve 6, as 
can be understood from the aforementioned equation. 

[0032] FIG. 7B indicates a relationship between the amount of change AL in 
the maximum lift of the intake valve 6 and the weighting factor K2- As indicated in 
FIG. 7B, the weighting factor K2 is zero if the amount of change AL in the maximum 
valve lift is zero, that is, if the maximum valve lift does not change at all. In this 
case, the amount of intake air Ga is equal to the first estimated value Gao, as can be 
understood from the aforementioned equation. If the amount of change AL in the 
maximum valve lift increases, the weighting factor K2 increases. In this case, the 
amount of intake air Ga approaches the second estimated value Gac, as can be 
understood from the aforementioned equation. 
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[0033] FIG. 8A indicates a relationship between the amount of change AT in 
the valve closing timing of the intake valve 6 and the weighting factor K3- As 
indicated in FIG. 8A, the weighting factor K3 is zero if the amount of change AT in 
the valve closing timing is zero, that is, if the valve closing timing does not change at 
5 all. In this case, the amount of intake air Ga is equal to the first estimated value Gao, 
as can be understood from the aforementioned equation. If the amount of change AT 
in the valve closing timing increases, the weighting factor K3 increases. In this case, 
the amount of intake air Ga approaches the second estimated value Gac, as can be 
understood from the aforementioned equation. 

10 [0034] FIG. 8B indicates a relationship between the amount of change APi 

in the intake pressure and the weighting factor K4. As indicated in FIG. 8B, the 
weighting factor K4 is zero if the amount of change APi in the intake pressure is zero, 
that is, if the intake pressure does not change at all. In this case, the amount of 
intake air Ga is equal to the first estimated value Gao, as can be understood from the 

15 aforementioned equation. If the amount of change APi in the intake pressure 

increases, the weighting factor K4 increases. In this case, the amount of intake air 
Ga approaches the second estimated value Gac, as can be understood from the 
aforementioned equation. 

[0035] It is also possible to calculate the weighting factor K from at most 

20 three of the four weighting factors Kl to K4 calculated from FIGS. 7 and 8. 

[0036] FIG. 9 is a flowchart illustrating a routine of calculating the amount 
of intake air in accordance with the above-described embodiment. In the routine 
illustrated in FIG. 9, it is first determined in step 10 whether an engine startup flag Fs 
has been set (Fs^l). The engine startup flag Fs is set when the internal combustion 

25 engine is started up, and is reset at the elapse of a predetermined time following the 
startup of the engine. 

[0037] If it is determined in step 10 that Fs - 0, the routine ends. 
Conversely, if it is determined in steplO that Fs - 1 , the routine proceeds to step 1 1, in 
which the first estimated value Gao, that is, the amount of intake air expected to enter 

30 the combustion chamber 4 during the present intake stroke is calculated on the basis 
of the engine operation parameter occurring at the time of opening the intake valve 6. 

[0038] Subsequently in step!2, the second estimated value Gac, that is, the 
amount of intake air considered to have entered the combustion chamber 4 during the 
present intake stroke is calculated on the basis of the engine operation parameter 
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occurring at the time of closing the intake valve 6. Subsequently in step 13, the 
weighting factor K is calculated. Then, in stepl4, the actual amount of intake air is 
calculated as in the aforementioned equation: Ga - Gao + (Gac - Gao) x K. 
[0039] According to the invention, the actual amount of intake air is 
5 calculated by the technique as described above, that is, the actual amount of intake air 
is calculated from an amount of intake air estimated at the time of opening the intake 
valve and an amount of intake air estimated at the time of closing the intake valve. 
Therefore, the actual amount of intake air can be accurately detected even if the lift 
characteristic of an intake valve changes during the intake stroke. 
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